Several recent studies have demonstrated a positive association between obesity and asthma among women but not men. The present study examines the effect of misclassification of body mass indes (BMI) in the association between obesity and asthma by gender. This cross-sectional analysis included a total sample of 961 Mexican adults. Use of measured BMI revealed that obesity (BMI 430 kg/m 2 ) was a risk factor for asthma diagnosis in both men (OR, 2.5; 95% CI, 1.1-5.9) and women (OR, 2.3; 95% CI, 1.5-3.8). In contrast, use of self-reported BMI showed that only women (OR, 1.7; 95% CI, 1.1-2.7) and not men (OR, 1.3; 95% CI, 0.6-2.9) were at increased risk of asthma diagnosis. Use of self-reported BMI substantially underestimated the prevalence of obesity; this bias was not related to asthma per se but was mainly due to obesity. Therefore, misclassification of BMI obscured the relationship between obesity and asthma to a greater extent among men than among women since obesity prevalence in the general population was higher among men. Measurement bias merits greater attention in future research on obesity and asthma.
Introduction
The prevalence of obesity has increased worldwide in the past 30 years 1 and may help explain the concomitant rise in asthma prevalence in adults. 2 Recently, several studies have demonstrated a positive association between obesity and asthma, with an emerging consensus that the association is much stronger among women than men. [2] [3] [4] [5] [6] [7] In many of these studies, Quetelet's body mass index (BMI) was used as a measure of obesity, with reliance on self-reported weight and height to estimate BMI. [2] [3] [4] [5] [6] Several studies have shown high correlation between selfreported and measured BMI, [8] [9] [10] but systematic errors in selfreported values may affect the distribution of BMI, and consequently the prevalence of obesity. [10] [11] [12] [13] [14] [15] The aims of our study were to evaluate the effect of misclassification of BMI in the association between obesity and asthma by gender.
Methods
This case-control study involves a total sample of 961 adults from Monterrey, Mexico (Table 1) . Cases were 303 outpatients with asthma diagnosis recruited from the Pulmonary Physiology Laboratory at Northern National Medical Center, National Institute of Social Security. Asthma diagnosis was based on current physician-diagnosis of asthma, symptoms, use of antiasthma medications, and spirometry. Controls were 659 adult members of the National Institute of Social Security. The National Institute of Social Security gives medical attention to Mexican workers and their families. A structured face-to-face interview and exam was performed to assess demographic, socioeconomic, and health-related characteristics in all participants. Overweight and obesity were defined as BMI 25-29.9 kg/m 2 and BMI Z30 kg/m 2 , respectively.
1 Physical activity was defined as at least a 30 min walk each day, and/or lifting or carrying heavy objects at work daily, and/or doing sport or physical exercise more than 2 h a week. Multivariate linear regression analyses were used to investigate differential bias between the mean self-reported and measured BMI. Furthermore, multivariate logistic regression analysis was used to estimate the odds ratio (OR) of the association between self-reported and measured BMI and asthma diagnosis. A two-tailed Po0.05 was considered significant. All statistical analyses were performed using Stata 7.0 (StataCorp, College Station, TX, USA).
Results
Measured BMI distribution in controls (Table 1) was similar to the distribution in the general population in Mexico. 16 Obesity prevalence based on measured BMI differed from self-reported values among men (28 and 22%, respectively), but not among women (24 and 23%, respectively). Also, selfreported BMI demonstrated a poor sensitivity in men (72%) and women (69%) from the general population. Among asthma cases, obesity prevalences based on measured BMI were higher than those from self-reported values in both men (40 vs 24%) and women (44 vs 38%). Also, self-reported BMI demonstrated a low sensitivity in men and women (59 and 78%, respectively).
We found that weight was underestimated, height was overestimated, and, these reporting errors led to the under- ). No significant difference was found for the mean difference in self-reported and measured BMI between cases and controls (P ¼ 0.24). In the multivariate linear models (Table 2 ), higher educational levels and measured BMI classification of overweight and obesity were the only independent determinants of bias in self-reported BMI. Error in self-reported BMI was also seen when measured BMI was explored as a continuous variable in the model (regression coefficient -0.14, Po0.001). Furthermore, asthma diagnosis was not associated with bias in self-reported BMI. Table 3 shows adjusted ORs of the association between BMI and asthma. Using measured BMI, we found an association of asthma risk for both overweight and obesity compared to subjects with BMIo25 kg/m 2 , with ORs of 1.6 and 2.4, respectively. Furthermore, the association was significant for obese men (OR, 2.5) and women (OR, 2.5). Using self-reported BMI the association appears weaker, with a positive association observed only among obese subjects (OR, 1.6). Stratifying the analysis, it was shown that a significant association of obesity and asthma was no longer present among men (OR, 1.3; 95% CI, 0.6-2.9), but remained statistically significant among women (OR, 1.7; 95% CI, 1.1-2.7). An interaction between gender and BMI was not significant (P ¼ 0.55).
Discussion
Self-reported weight and height are frequently used in epidemiological studies to assess the distribution of BMI given the inconvenience and cost of directly measuring these parameters in large groups from diverse geographic regions. However, several US and European studies 10-16 have shown that errors in self-reported weight and height underestimate the prevalence of overweight and obesity, and that measured obesity has a strong association with bias in selfreported BMI. Similar results are reported in this populationbased study. On the other hand, asthma diagnosis was not associated with this bias. Taken together, we conclude that error in self-reported BMI was not associated with the reported in a longitudinal analysis that obesity increased the incidence of asthma in women (OR ¼ 1.9) but not in men (OR ¼ 1.0). One plausible hypothesis for the disparate findings by gender is that misclassification could be present in a greater extent in men since a greater prevalence of overweight and obesity was present in men than in women in several of these studies. 3, 4, 6 This hypothesis is consistent with our results. In summary, these data demonstrate that measurement bias merits greater attention in future research on obesity and asthma. Nondifferential misclassification of BMI could create other apparent differences between groups that differ by obesity (eg, men and women) and for other conditions associated with obesity. Our finding of a strong association between measured BMI and asthma diagnosis in both men and women supports further research on this novel association, including projects that examine the effect of lowering BMI for the primary and secondary prevention of asthma. 
